13C NMR study of the biosynthesis of toxins by Fusarium graminearum.
13C NMR spectroscopic investigations on the biosynthesis of mycotoxins produced by Fusarium graminearum (M69) were carried out through the incorporation of [1-13C]- and [2-13C]acetate precursors. The major secondary metabolites produced by this species in still culture were deoxynivalenol (3,7,15-trihydroxy-12,13-epoxytrichothec-9-en-one), 15-acetyldeoxynivalenol, zearalenone, and butenolide. [1-13C]- and [2-13C]acetate were incorporated in alternate carbon atoms in zearalenone, consistent with the head to tail condensation of nine acetate units. The trichothecenes were enriched in a manner consistent with the condensation of three mevalonate units. 13C/13C couplings, observed between C-5 and C-12, as well as between C-6 and C-15 of 15-acetyldeoxynivalenol, confirms the current hypothesis of formation of the trichothecene ring system by cyclization of farnesyl pyrophosphate. The incorporation pattern in ergosterol is also consistent with a mevalonate origin, while the adjacent incorporation of acetate methyl groups in butenolide suggests a glutamate precursor. The degree of enrichment in the secondary metabolites, which ranged from 3 to 10% at each carbon site, was observed in the 13C NMR spectra of the crude fungal extracts to be dependent on the timing of acetate addition to the culture. The specific toxins produced together with the quantity of each, were also found to be dependent on the timing of acetate addition. Competition between the three biosynthetic pathways of secondary metabolism, i.e. polyketide, mevalonate, and amino acid for the labeled acetate in this organism is a complex function of culture conditions.